Abstract Despite the availability of all advanced diagnostic tools, fever of unknown origin (FUO) remains a diagnostic challenge for physicians. The objective was to define, through a retrospective study, the categories of the diseases of Sicilian patients admitted at the Department of Clinical Medicine and Emerging Diseases, University of Palermo, Italy, for classical FUO. Using the registration system for patients admitted from 1991 to 2002, 508 charts of patients admitted because of fever were reviewed. Of these, only 91 patients fulfilled the criteria for classical FUO. The origin of FUO was diagnosed in 62 (68.1%) patients. Infection was the most common cause of FUO with 29 cases (31.8% of total of FUO), neoplasms accounted for 13 cases (14.2%), collagen vascular disease for 11 cases (12.0%), and miscellaneous for 9 cases (9.8%). Undiagnosed FUO were 29 (31.8%) and, of them, 22 cases were followed-up for 2 years. A definite diagnosis could be established only in 8 cases, 13 subjects completely recovered and 4 of them died. In the 73.4% of cases, the FUO have been the result of misleading factors in the diagnostic approaches as made by the physician. The results of our study are similar to those already reported by other authors in other populations, with infections as first, neoplasm as second, and collagen vascular diseases as third most important causes of FUO. In our study the prognosis for undiagnosed FUO cases was good, but a definite diagnosis could be established only in few cases. Therefore, further multicentric, prospective studies of good design are required.
Introduction
Despite all advanced diagnostic techniques available nowadays, fever of unknown origin (FUO), remains a diagnostic challenge for physicians, especially those working in Internal Medicine Divisions, where this kind of patients are often hospitalized.
FUO has been defined by Petersdorf and Beeson [1] , in 1961, as an illness with temperature exceeding 38.3°C on at least three occasions, lasting at least 3 weeks, with no diagnosis reached after 1 week of intensive investigation. In recent years, Durack and Street [2] have suggested classifying patients with FUO into four categories: classical, neutropenic and, nosocomial FUO, and FUO associated with HIV. Each group has a unique differential diagnosis based on characteristics and vulnerabilities, and, therefore, a different process of evaluation. The revised criteria require an evaluation of at least three days in the hospital, or three outpatient visits, or one week of logical and intensive outpatient testing, without clarification of the fever's cause.
When dealing with such disease, it is important that causes of FUO and their relative frequencies in the population should be known. Thus, for the diagnosis of FUO, it is appropriate to consider the most frequent diseases first, rather than the rare ones. The diagnostic process should be guided by potential diagnostic clues (PDCs), retrieved by meticulous approaches, including history taking, physical examination, and baseline tests. Directed diagnostic workup, using the PDCs, remains the most efficient way to solve the problem of FUO. A standardized flow chart can be applied in the absence of PDCs or when the PDCs are contradictory [3] [4] [5] [6] [7] [8] .
FUO's diagnostic approach always includes a comprehensive history, a careful, repeated, physical examination, appropriate laboratory tests and radiographic/endoscopic studies. More invasive testing, such as bone marrow aspiration or biopsy, lymph nodes and liver biopsy, should be performed only when clinical suspicion shows that these tests are indicated or when the source of the fever remain unidentified after extensive evaluation [8, 9] .
The development of microbiological tests and radiodiagnostic procedures influenced the distribution of the causes of FUO. Additionally, factors, such as geographic factors, the age of the patients, the experience of researchers, and the period of the study, might affect the distribution of the diagnostic categories. Therefore, it is difficult to compare patients affected by FUO in different populations [5, 6] .
The most common causes of classic FUO are infections, malignancies and collagen vascular diseases, but there are well over 200 different reported causes of FUO [3, 4] . In most FUO series, infections were in the majority with a relative frequency ranging from 21 to 58%, with, in recent years, an increase in the proportion of collagen vascular diseases [1, 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The spectrum of diseases seems to be determined by geographic and economics factors, as well as by hospital setting and clinical practice of the physicians [1, 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
The purpose of the present study was to define, through a retrospective study, the categories of the diseases of Sicilian patients admitted in a Medical Department for classical FUO, as defined by Petersdorf and Beeson [1] , revised by Durack and Street [2] .
Methods
The present study has been approved by the ethics committee of our Dipartimento di Medicina Clinica e delle Patologie Emergenti, University of Palermo, Italy. Our department is a University-based referral centre, which is located in a region (Sicily) where about 5 million people live. Using the registration system for adult patients admitted to our department, examined at the Emergency Department, or at the Internal Medicine Outpatient Clinic, of the same Dipartimento, from 1991 to 2002, 508 charts of patients admitted because of fever were reviewed, among a total of 4,585 (11.0% of all admissions). Of these, only 91 patients fulfilled the criteria of Petersdorf and Beeson [1] , revised by Durack and Street [2] , for classical FUO, (1.9% of all admissions and 17.9% of all admissions because of fever). In this study, the patients admitted because of fever were often referred to our department from different hospitals of the region, where their FUO was not diagnosed.
Patients with a known history of neutropenia, nosocomial infections and immunosuppressive diseases (e.g., HIV positive patient) were excluded. In all patients, with a diagnosis of classical FUO, clinical history, physical examination, and the following tests were performed, as a first step: erythrocyte sedimentation rate, C reactive protein, hemoglobin, mean cellular volume, platelet count, absolute and differential leukocyte count, LDH, serum urea nitrogen, creatinine, serum sodium, serum potassium, protein fractions, and alkaline phosphatase, urinary analysis, fecal occult blood (at least three times), HIV testing, antistreptolysin O titer, tuberculin skin testing, blood (at least three times), urine, feces and sputum cultures, chest X-ray and ultrasonography of the abdomen. According to their history, physical examination, and laboratory findings, in the following days, the following tests were performed, as a second step: serology for Cytomegalovirus, Epstein-Barr virus, Mycoplasma, Chlamydia, Brucella, Salmonella, Toxoplasma, Leishmania, hepatitis viruses, rheumatoid factor, antinuclear antibodies, serum levels of CH50, C3 and C4, TSH, fT4, fT3, thyroglobulin antibodies and thyroperoxidase antibodies, immunoelectrophoresis of serum, sputum for acid-fast bacilli, polymerase chain reaction and urine cultures for tuberculosis, radiography of sinus, orthopantomography, echocardiography, and computed tomography of chest and abdomen. Invasive procedures, such as esophagogastroduodenoscopy, colonoscopy, bone marrow aspiration or biopsy, lymph nodes and liver biopsy, were performed only when a diagnosis was not revealed by the non-invasive procedures (Table 1) .
Final diagnoses reported in this study were made by the authors upon critical revision of the data and diagnosis mentioned in medical records. The causes of FUO were classified into five groups: infections, neoplasms, collagen vascular diseases, other causes (miscellaneous), and undiagnosed. Undiagnosed cases with FUO were followed-up for 2 years.
We also compared the prevalence of each cause of FUO found in the present study and previously published data, using MEDLINE Ò database search and manual research on Internal Medicine specialized journals.
Chi-squared test (for nominal variables) was performed (using Stat View Ò 5.0 software, SAS Institute, Cary, NC, USA) to assess possible significant differences in the prevalence of each cause of FUO between the present study and previous published data.
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Finally, we retrospectively analyzed the concomitant misleading factors that generated a diagnosis of FUO, classifying them in five different categories: (1) Rarity and peculiarity of the clinical pattern; (2) mistakes regarding the anamnesis; (3) mistakes regarding the clinical examination; (4) wrong interpretation of a laboratory test, and (5) inadequete evaluation of a symptom and/or a positive test.
Results
We evaluated 91 patients (54 males and 37 females), mean age of 47.9 years (range 14-74), with a median duration of hospitalization of 22.3 days (range 8-102). In our series, a cause of FUO was established in 62 (68.1%) patients. Infection was the most common cause of FUO, in 29 cases (31.8% of total FUO); neoplasms accounted for 13 cases (14.2%); collagen vascular disease were the cause of fever in 11 patients (12.0%), and miscellaneous in nine cases (9.8%). Undiagnosed FUO were 29 (31.8). Among infections, the most important causes of FUO were represented by abdominal abscesses (seven cases), pulmonary (one case) and extra-pulmonary tuberculosis (three cases), Cytomegalovirus infection (three cases), hepatocholangitis (three cases), and visceral leishmaniasis (three cases); among neoplasms by lymphoma (six cases); among collagen vascular diseases by rheumatoid arthritis (three cases); and, finally, among miscellaneous by Crohn disease (two cases) ( Table 2) .
We also made a comparison between the prevalence of each cause of FUO found in the present study and previous published data (Table 3 ). In general, we found that our data were consistent to those already reported, but more specifically, for infections we found significant differences (P \ 0.05) with Traverso et al. [16] , Shoji et al. [20] and Campanella et al. [21] ; for neoplasms with Larson et al. [11] and Howard et al. [14] ; for collagen vascular diseases with Iikuni et al. [18] , and Sica et al. [22] , and for undiagnosed FUO with Petersdorf and Beeson [1] , Jacoby and Swartz [10] , Kanzanjian [12] , Howard et al. [14] , and Sica et al. [22] .
Twenty-nine subjects (31.8%) were discharged without a final diagnosis being established. Seven subjects were not traceable. The follow-up duration of the other 22 subjects (Table 4) . A definite diagnosis could be established only in 8/22 cases, 3/8 within 2 months after discharge. The diagnoses were: Cytomegalovirus infection, infective endocarditis, brucellosis, chronic calculous cholecystitis, underwent cholecystectomy, and chronic tonsillitis, underwent tonsillectomy. Thirteen individuals became symptom free following discharge, 7/13 within 2 months after discharge, and were considered to be finally cured. Four patients died, and the cause of death was considered to be related to the disease that caused FUO in three cases (metastatic colon cancer, metastatic lesions from an unknown primary tumor, lymphoma). One patient died from upper gastrointestinal bleeding associated with the use of nonsteroidal anti-inflammatory drugs (NSAIDs).
In our study, the FUO have been the result of several concomitant misleading factors: the rarity and peculiarity of the clinical pattern (13.3% of cases), mistakes regarding the anamnesis (24.5%), and the clinical examination (22.6%), the wrong interpretation of a laboratory test (20.7%), and inadequecy in the evaluation of a symptom and/or a positive test (5.6%). Taken together, a clinical mistake was present in the 73.4% of cases.
Discussion
Causes of FUO are generally determined by infections (20-58%), neoplasms (6-31%), collagen vascular diseases (8-31%), or other causes (4-23%). There may be also no definitive diagnosis (4-38%) in some cases (Table 2) [1, 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In agreement with such previous reports, the most frequent causes of FUO in our study were infections (31.8%), followed by neoplasms (14.2%) and collagen vascular diseases (12.0%). These findings suggest that FUO may have similar prevalence in populations with different ethnic and geographical backgrounds.
In our study, causes of FUO were usually either unusual presentation of a well-known disease, namely, a common disease with a unique symptom, fever, or more rarely, an uncommon condition. Other symptoms and/or signs either did not appear or appeared later.
Among infections associated with FUO, abscesses, tuberculosis and Cytomegalovirus infection, were the most common; this was the case in other Italian studies too [16, 17, 21, 22] . Other causes of infections, such as hepatocholangitis, visceral leishmaniasis and Chlamydia infection were identified in our patients with FUO, but with unusual presentation. In our study, intraabdominal abscesses, often associated with diverticulitis, were found in seven patients. Three of these patients were older than 70 years. Elderly patients typically have a more subacute course, with few symptoms and signs, and a long illness, as was the case in our patients [24] . Extra-pulmonary tuberculosis caused special diagnostic problems. The difficulties were disseminated diseases, without the characteristic miliary pattern on chest X-ray, or without clear localized lesions, with negative sputum smears and tuberculin skin test. Rapid diagnostic tests in body fluid, such as polymerase chain reaction, were helpful in making the diagnosis. Bacteriological cultures and histopathological investigations were also important in confirming the diagnosis [25, 26] . The diagnosis of leishmania infection, in three cases of FUO, was established in subjects co-affected with hepatic cirrhosis, without significant neutropenia (neutrophil count [500/lL), in which the Intern Emerg Med findings of cachexia, hepatosplenomegaly, peripheral pancytopenia, and hypergammaglobulinemia were first attributed to the hepatic disease. In these cases, diagnosis, suspected for prolonged elevated fever, cachexia, and high prevalence of leishmania infection in our region, required serology for Leishmania and bone marrow biopsy. In our study, as in other developed countries, viral infections, especially herpes-virus infections, were an important cause of FUO. Cytomegalovirus infection was defined in three cases, all without the typical clinical presentation of the disease (sore throat, pharyngeal erythema, adenopathy and splenomegaly), but only with reactive lymphocytosis and moderately increased serum transaminase. Diagnosis was confirmed by repeated serological testing (CMV-IgM).
Because of substantial increase in the elderly population, as well as advances in the diagnosis and treatment of diseases common in this population, malignancy has become a common etiologic consideration in elderly patients. In our study we found that neoplasms were the second most important cause of FUO. As expected, some hematological malignancies (lymphoma) and tumours of the digestive tract (colon and hepatobiliary cancer) remain difficult to diagnose and therefore remain a cause of FUO, because of lack of localizing symptoms or difficulty in obtaining appropriate biopsies. Nevertheless, the use of CT and MRI imaging have allowed tumors to be found more easily in the last decade [5] [6] [7] . Collagen vascular diseases, which include connective tissue diseases and vasculitis, were the third most important cause of FUO in our study. Fever preceded more typical manifestations and serological evidence by weeks or months. In particular, rheumatoid arthritis, systemic lupus erythematosus, polymyalgia rheumatica, without associated temporal arteritis, and systemic vasculitis, were the first line causes of this subgroup of FUO, while we found a low incidence of adult Still's disease (one case), in contrast to the data shown by other authors [20, 27] . Among miscellaneous, the two cases of Crohn disease reported intermittent or no bowel symptoms. Careful examination of the abdomen and radiological and endoscopic investigations revealed the diagnosis.
Regarding undiagnosed FUO, its prevalence has always been around 20% during the years since the study of Petersdorf and Beeson (1961) [1] to the most recent one of Vanderschueren et al. (2003) [23] , despite the progress in laboratory and radiological technologies, as well as the attention and experience of researchers.
In our study, the number of undiagnosed cases at discharge was higher than in others [1, 10, 12, 14, 22] . Twenty-two undiagnosed cases with FUO were followedup for 2 years. A definite diagnosis could be established only in eight cases, 13 subjects completely recovered, and only four of them died. Therefore, outcome of undiagnosed FUO is generally good (81.7%), hence waiting for PDCs to appear is probably better than ordering more screening investigations, in the hope that something abnormal will comeup [1, 5, 11, 18, 28] .
In our study, the FUO have been the result of several concomitant misleading factors in the diagnostic approaches made by the physician; regarding the anamnesis (24.6%), the clinical examination (22.6%), the wrong interpretation of a laboratory test (20.7%), and inadequecy in the evaluation of a symptom and/or a positive test (5.6%). This means that three times out of four the FUO was the result of misleading factors in the diagnostic approaches as made by the physician, who might skim over the anamnesis, not be careful in the clinical examination, and not correctly apply the diagnostic methodology, including the laboratory tests. We also cannot exclude the existence of individual genetic factors, influencing the atypical and silent course of undiagnosable illnesses.
The principal limits of our study is that it was a singlecentre, retrospective one. Further multi-centre, prospective studies, of good design, are required. Because of the diversity of patients with FUO, prospective studies are needed that either are large enough and/or focus on certain subgroups.
In conclusion, the results of our study are similar to those already reported by other authors in other populations, with different ethnic and geographical backgrounds, with infections as first, neoplasm as second, and collagen vascular diseases as third most important causes of FUO. In our study the prognosis for undiagnosed FUO cases was good, but a definite diagnosis could be established only in few cases. Therefore, further multicentric, prospective studies of good design are required.
